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TITLE
SUBSTITUTED BENZOPENTATHIEPINS, PROCESS
THEREFOR. AND: INTERMEDIATES
CROSS-REFERENCE TO RELATED APPLICATION
5 This is a continuation-in-part of copending
. App11catlon Serxal No. 502, 23L.f11ed on June 8, 1983,
BACKGROUND OF THE' INVENTION
"This invention concerns substituted benzo- G
pentathiepins, intermediate 1,2,3-benzothiadiazoles Sy
10 and the process for making the former by reacting the v
latter with elemental sulfur.
~ Unsubstituted benzopentathiepin is: known
(Feher*et al., Z. Anorg. Allg. Chem., 452, 37 to 42
 (1979): Feher et al., Tet. Lett., 2125 to 2126
15 (1971). It 1sAp:epa:ed from: 1,2-benzenedithiol and
53Clz No- utllltY is described. Feher et. al..
im Z. Naturforsch B. 27 1006 (1972). describe
p:eparatlon of the 7;8 dlmethylAderlvatlve by &
. "81mllan’method._ _ R
20: o K reduced hexahydrobenzopentathlepln,was
' 'p:epaze& by Fener et al., according to: the ‘method of
Feher et al. descnlbed above: Angew. Chem. Int. Ed.,
6. 703 (1967). Nametkin et al., in Izv. Akad. Nauk.
-. SSSR, Ser. Khim., 12, 2841 (1980), descnibe*a method
25 for'maklng said reduced pentathleplns by use of an
organoiron complex. S
' Watkins et al., J. Het. Chem., 19, 459 to
: 462'(1982)7desc:ibelthe,x-ray“c:ystal,structune of a
complex;in&ene~pentatniépin;r Synthesis and utility
30 - are not described.. | o '
' ‘A variety of hete:bcyclic pentathiepins are
‘known. - For instance, U.S. 4,094,985 describes the

35"
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-following as fungicides:

15

where R = H, C

X

Xy S-S
S S
~

N 's-s”

B

w - o .
where X is CN or -CQ. et cetera. U.S. 4,275,073 ,
describes these pyrazolopentathiepins as fungicides:

' Ny S=S ~
R-N S
~ :

N""s.s”

-C, alkyl, C.-Cc cycioalkyi;‘

1
-CHZQ;»eAr; Both of the patents describe processes
- employing a thiol or dithiol and SZCIZ‘ - The

20

substituted benzopentathiepins of this invention
cannot be made by literature techniques. ’

. Certain 1,2,3-benzothiadiazoles are known, -
their syntheses being :evzewed by Kurzer in "Org.

"Cmpd- of Sulphur, Selenium, Tellurium®, Royal Soc1ety
‘of Chemistry, London, Vols. 1 to 6 (1970 to 1980) A

.25

30

typical syntheslslls diazotization of an

B o-aminobenzenethiol as follows:

: : - ™
N 7 ) SE ) . - -' ) s/ _’
- In Oae, "Organic cnemistty of éulfur". at
pages 346 to 348, Plenum Press, N.Y..(1977), are
reviewed the various means of reducing disulfides to

‘give thiols. Reagents for these reductions include

35

sodium borohydride, lithium aluminum hydride, sodium
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3
amalgam, zinc or tinfwitn.aqueoﬁsracid, phosphines
and phosphites. _ | ' '
Cairns et al., J. Am. Chem. Soc.., 74, 3982
to 3989 (1952), describe the reduction of a linear
5 tetrasulfide bY"litniumaaluminum hydride. There is
no known art, however, that describes reduction of a

pentathiepin to give a dithiol.
The 1. z—benzenedlthlols can. be prepared by

jgyrolysxs'of benzotnladxazolesflnithe presence of
10. carbon disulfide and alkaline hydrolysis of the
intermediate trithiocarbonate: Huﬁig et al., Liebigs -
Ann. Chem., 738, 192 to 194 (1970). The process
[requlres a pressure vessel and temperatures: of 220°C.
SUMMARY OF"THE‘INVENTION
15 " Tnls lnventlon'concerns novel. substltuted

,benzopentathleplns of the: formula.

gt .
RN
T S R3 S=S.
20 S g

wherein : )
1 .2 A 3 A '
) ~R™. R® and R” are the same oL
different substituents that do not react with sulfur
at elevated temperatures and a:e selected from H (no

25 more: than two of Rl. Rz and R being H). X,

cx.. No.. sr¥, or%, NR . ocx . coa"‘, cr?, cmz‘*, aryl
3w N 2+ OR» R C 2

_ 'o’ o o o
and substltuted aryl.,

r* is selected from aryl substitutedraryl
éndrsubstltuted and unsubstituted branched or '
sttalght chain C, to c6 alkyl; and '

X is selected from cl, Br and F.

~ The primary requirement of the Rl, R?
-‘and,Ra gsubstituents is that they be substantially

{8

35
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unreactive with sulfur at reaction temperatures.

Several groups of such substituents are given as

examples with no intent that the invention be limited

thereto. , _

The substituents on substituted.R&'aryl
and alkyl groups are selected from X, c13, OR., SR,
OCR' and COOR, wherein R is aryl or Cy to C

o} ,
straight or branched alkyl. Preferred benzopenta-
thiepins of this invention are those wherein: (1)

7 Rl and R3 are botn H and Rz is selected from X.
cx,. sr®, or*, “rY, coor®, aryl ana '
3 2 2 3

substituted aryl: (2) R® and R are both H and

gt 1s selected>from.x CX,. sr¥, or?,
NRZ‘ COOR.. aryl and substituted aryl; and (3)
1 2 4 3

2 is H.

- Especially preferred compounds are those in category

(1) wherein R® is N(CH,),., OCH,, CF, or Cl:

those in category (2) wherein Rl is CF3 or Br;
and the compound in category (3) wherein R4 is

methyl. The latter compound is named

- 6,7 bis(dimethylamino)benzopentathiepin.

25

307

This invention also concerns the method for
making benzopentathiepins by the following reaction:

. The reaction is typically carried out in an inert

35

solvent at temperatures between about 140° to 200°C,

with about 160° to 190°C being preferred. The Rl.

e
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RZ’and,Rs'substituentsvare as defined'heretofore
except that the novel process also includes the
making of compounds wherein Rl = R® = R3 = H.

Suitable solvents are those which are inert
to elemental sulfur and are tolerant of temperature
and pressure combinations required to meet the

temperature range described. The solvents include

- but are not llmlted to decahydronaphthalene,
“nitrobenzene, dichlorobenzenes, dimethylformamide and

dimethyl sulfoxide. The reaction is normally carried
out in an inert atmosphere such as nitrogen, argon,
helium and the like. The molar ratio of elemental
sulfur (calculated as Sg) to benzothiadiazole can

- range from about 1;2 to 2:1; the preferred ratio is
15 ' ' I

about 1 1. . .
Thlszlnventlon also concerns the method fo:

1making;sa1dzbenzopentathleplns-1nrtne presence of .
1,4-diazabi¢yclo[2.2,210¢tane'(DABCQ):

»

Theimolér ratio. of DABCO to benzothiadiazole is about

0.1:1 to. 2:17 the preferred:ratio is about 1:1.

Employlng DABCO in the process of the invention has

been found to increase product ylelds substantially.
This 1nvent1on also concerns these novel

benzoth1ad1azoles.
- N(CHq) 5
. N
and s/’

ixf
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6
This invention also concerns the method for
making substituted 1l,2-benzenedithiols by reduction
of benzopentathiepins according to the reaction:

5 =
_S-S\
S
S-S/ Reduction 5. o
10 | o - L
s 1 2 R { . »
wherein R™, R™ and R~ are as defined

above including'RI =r%? =¥ = m.
Suitable-reducing agents for said process
include but are not limited to sodium borohydride.
15 1lithium aluminum hydride, trialkyl phosphites, zinc/

' aqueous acid, and the like. Sodium borohydride and
lithim aluminum hydride are preferred. The reaction
temperature can be about 0¢ to 60°C; the prefe:ted

- range for sodium borohydride, for reasons of ease of

20 reactivity, is about 20° to 40° C; the preferred range

for lithium aluminum hydride is about 0° to 35°C.
' DETAILS OF THE INVENTION ' ,
In the matter of making 1,2-benzenedithiols,
' the following information will quide one gkilled in
© 25 the art regarding choice of solvents. The process
employing sodium borohydride is run with a protic
solvent, with or without non-protic solvents as
diluent. Solvents suitable for the sodium boro-
hydride process include but are not limited to.

30 methanol, ethancl, isopropanol, butanocl and &ater.
Non-protic diluents include tetrahydrofuran. Other
soIventé can be selected empirically depending on the
type of reducing agent selected. Thus, lithium -
‘aluminum hydride requires non-protic solvents such as

35 diethyl ether or tetrahydrofuran.
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The molar ratio of sodium borohydride or
lithiumsaluminum‘hydride to benzopentathiepin can
range from about 2:1 to 6:1; a ratio of about 4:1 is
preferred. The process employing lithium aluminum
hydride should be run in the absence of water. The
reaction process initially gives a dithiolate salt
which can be further reacted with aqueous acid to

give the 1l,2-benzenedithiols, or with alkylating - | .o

agents such as methyl iodide: to give di-thioethers.

-The—second\chaice’gives,matezials which are protected =

against aerobic oxidation.

An additional aspect of this invention
concerns the use of selected benzopentathiepins as
anti-fungal and énti—viralragentsu For. example, the
compoqnds.oﬁlTab1e 1iwe:esfoﬁnd;to be effective f
against thé recitéd,funguaiand’virusatypes; Details
concerning formulations and control methodology

‘follow the Table.
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TABLE 1 N
Fungus
or 1 $
Compound Virus Rate Control
7-Trifluoromethyl- AS 100ppm 100
benzopentathiepin ,
o RB 100ppm 90
~ 7-Dimethylamino- AS. 100ppm 100
benzopentathiepin
, : CPM: 100ppm 100
CMV - 100ppm 100
BPM_  100ppm S5
7-Methoxybenzo- 7 AS 100ppm 100
pentathiepin %
) o VCPM1 100ppm 93
BPM  l00ppm 95
6-Trifluoromethyl  CPM  100ppm 100
B benzopentathiepin .
6.7-bis(diméthy1amino)-'As 100ppm 80 (primary)
~ benzopentathiepin - - 98 (confirma-
- ' tqry)

WLR 1o0ppm 80 (primary)
- 57 (confirma-
tory)

{1) AS=apple scab
RB=rice blast
CPM=cucumber powdery mildew
BPM=barley powdery mildew
CMV=cucumber mosaic virus
' WLR-wheat leatf :ust

 PLANT DISEASE CONTROE FORMULATIONS

Useful formulations of benzopentathiepins ;
can be prepared in conventional ways. They include
dusts, suspensions, emulsions, wettable powders,
emulsifiable concentrates and the like. Many of them
can be applied directly. Sprayable formulations can
be extended in suitable media and used at spray

R )

. *y
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volumes of from a few liters to several hundred
liters per hectare. High strength compositions can
be used'primarily'as concentrates which are to be
diluted prior to ultimate use. The formulations,
5 broadly., contain about 1% to 99% by weight of active
ingredient(s) and at least one of (a) about 0.1% to
20% surfactant(s) and (b) about 1% to 99% solid or
liquid diluent(s). More specifically, they will ' S
contain these ingredients in the approximate ;
10 proportions set forth in Table 2 with the active
ingredient plus’ét'least one surfactant or diluent
being equal to 100 weight percent.

i

TABLE 2
7 Weight Percent ,
: o - Active Surfac-
1s : o . . Ingredient Diluent(s) tant(s
Wettable Powders: 20-90" 0-74 1-10
0il sSuspensions,. ' : - ,
Solutions : 5-50 . 40-95 . 0-15
20 Emulsibns (including
’ Emulsifiable Concen-
_trates) 7
Aqueous Suspensions 10-50 40-84  1-20
‘Dusts . 1-25 70-99 0-5
25 High Strength L
' Compositions - 90-99 0-10 = o0-2

‘Lower or hiQherrlevels of active ingredient
can be present. depending.oh the intended use and the
physical properties of the compound. Higher ratios. =

30 of surfactant to active ingredient'ike'sometimes
desirable and are achieved by incorporation into the

formulation, or by tank mixing.
Some typical solid diluents are described in

Watkins et al., "Handbook of Insecticide Dust
35 ,Diluents'and.Carziers". 2nd Ed., Dorland Books,
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Caldwell, N.J. but other solids, either mined or
manufactured, can be used. The.morerabsorptive'
diluents are preferred for wettable powders and the
denser ones for dusts. Typical liquid diluents and
solvents are described in Marsden, "Solvents Guide",
2nd Ed., Interscience, N.Y., 1950. Solubility under
0.1% is preferred for suspension concentrates; '
solution concentrates are preferably stable against
phasersepazation-at 0°C. "McCutcheon's Detergents
and Emulsifiers Annual®, MC Publishing Corp..
Ridgewood, N.J., as well as Sisely and Wood,
"Encyclopedia of Surface Active Agents", Chemical
Publishing Co., Inc., N.Y., 1964, list surfactants
and recommended uses. All formulations can contain
minor amounts of additives to reduce foaming, caking,
corrosion, microbiological growth, and the like.

Agricultural formulations that contain the

‘compounds of this invention as active ingredient can

also éontainfother active ingredients. The
additional agricultural chemicals are employed in
mixtures or combinations in amounts ranging from 0.0S

to 25 parts by weight for each part by weight of the

compound or compounds of this invention. The proper

"choice of amounts is readily made by one skilled in

the art of protecting plants from pests. The
following are illustrative of the agricultural

‘chemicals that can be included in compositions or

added to sprays containing one or more of the active
compounds of this invention: '
Fungicides: o .
methyl z—benzimidazolecarbamate (carbendazim)
tetramethylthiuram disulfide (thiuram)
n-dodecylguanidine acetate (dodine) '
'manqanese ethylenebisdithiocarbamate-(maneb)

1,4-dichloro-2,5-dimethoxybenzene (chloroneb)

iy
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11
methyl 1l-(butylcarbamoyl)-2-benzimidazolecarbamate
(benomyl)
2-cyano-N-ethylcarbamoyl-2-methoxyiminoacetamide
(cymoxanil) ' '

N-t:ichloromethylthiotetrahyd:ophthalimide
(captan)
N-trichloromethylthiophthalimide (folpet)

dlmetnyl,4 4'-(0- phenylene)bls(B -thiocallophanate)

(thiophanate- methyl)
2-(thiazol-4-yl)benzimidazole (thiabendazole)
aluminum tris(O-ethyl phosphbnate) (Aliette®)
tetrachlo:oisophthalonitrile»(chlorothalonil)
2,6-dichloro-4-nitroaniline (dichloran)

N-(2,6- dzmethylphenyl)—N-(methoxyacetyl)alanlne
methyl ester (metalaxyl)

‘ClS—N—[(l 1.2,2- tetrachloroethyl)thlol cyclohex-

4-ene-1,2- dlcarbloxlmlde (captafol)

3- (3 5- dlchlo:ophenyl)-N-(l methylethyl)-
2,4- d10xo—l imidazolidine ca;boxamlde
(iprodione) '
-(3.5-dichlorophenyl)-S-ethenyl-5- methyl-z &-
oxazolldlnedlone (vinclozolin)

-,kasugamyc1n

O-ethyl-S,S- dlphenylphosphorodlthloate
(edifenphos)

. Bactericides:

tribasic copper sulfate
streptonmycin sulfate
oxytetracycline,

30 Acaricides:

35

senecioic acid, ester with 2-sec-butyl-4,6-

dinitrophenol (binapacryl)
6-methyl-1,3-dithiolo [2,3-B] quinonolin-2-one
" (oxythioquinox) |
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Z.Z,Z-t:ichlo:o-l.l-bis(4-¢hloropheny1)ethanol
(dicofol)
bis(pentachlo:o-z,4-cyclopentadien-1-yl)
(dienochlor)
5 . tricyclohexyltin hydroxide (cyhexatin)
hexakis(2-methyl-2-phenylpropyl)distannoxane
7 (fenbutin oxide)
Nematicides: : ) 7 i,,,’
2-[diethoxyphosphinylimino]-1,3-dithietane ‘ 3
10 - ' (fosthietan) ‘ : : - ;7
S-methyl-l;(dimethylca:bamoyl)-N-(methyl-
- carbamoyloxy)thioformimidate (oxamoyl)
S-methyl-l-catbamoyl-n—(methylcarbamoyloxy)—

thioformimidate
15 N—lsop:opylphosphoramldlc ac1d O—ethyl Ot-
[4-(methylthio)-m-tolyl] d1este: (fenamlphos)
Insecticides:

3- hydroxy-N-methylcrotonamlde(dlmethylphosphate)-
ester (monocrotophos)
20 'methylcarbamlc acid, ester with 2,3-dihydro-2,2-
_ dimethyl-7-benzofuranocl (carbofuran)
0-[2.4.S-trichloro-a-(chloromethyl)bénzyl]
- phosphoric acid, 0',0,-dimethyl ester
(tetrachlorvxnphos)
25 ’z-mercaptosucc1n1c acid, diethyl ester.
‘S-ester with thionophosphoric acid, dimethyl
ester (malathion) -
phosphorothioic acid, 0,0-dimethyl, O-p-nitrophenyl
ester (methyl parathion) -
30 methylcarbamic acid, ester with a-naphthol
(carbaryl)
methyl N—[[(methylamlno)carbonyl]oxy]
ethanimidothiocate (methomyl)
N'-(4-chloro-o-tolyl)-N,N-dimethylformamidine
35 (chloridimeform) |

“w:
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0,0-diethyl-0O-(2-isopropyl-4-methyl-6-pyrimidyl)
phosphorothioate (diazinon)
octachlorocamphene (toxaphene)
O-ethyl O-p-nitrophenyl phenylphosphononthioate
5 (EPN)
cyano(3-phenoxyphenyl)-methyl 4- chloro-a-(l-
methylethyl)benzeneacetate (fenvalerate)
'(3-phendxyphenyl)methyl (+)-cis,trans-3-(2,2- CoEe
dichloroethenyl)-2,2-dimethylcyclopropane- |
10 carboxylate (permethrin)
dimethyl N,N'-[thiobis](N-methylimino)carbonyl-
oxyll-bis[ethanimidothicate] (thiodicarb)
phosphorothiolothionic acid, .
O-ethyl-0O-[4- (methylthlo)phenyl] -S-n- p:opyl
15 ~ ester (sulprofos) ,
a-cyano-3-phenoxybenzyl[3 -(2,2- dlchlo:ov1ny1) ~-2,2-
_ dlmethylcyclopropane]ca:boxylate (cypermethrin)
éyano(3-phenoxypheny1)methyl'4-(dif1uoromethoxy-a—
~ (methylethyl)benzeneacetate (Payoff®)
20 0,0-diethyl-0-(3.5. 6-trichloro-2-pyridyl)-
phoshorothloate (chlorpyrlfos) :
0,0-dimethyl-S-[(4-ox0-1,2,3- benzotr1321n-3 (4H) -
- yl)-methyl]phosphorodithioate (azinphos-methyl)
. 5.e-dimeﬁhyl-z-dimethylamino-4-pyrimidinyl
25 dimethyl carbamate (Pirimor®)
- -s-(N-fo:myL-N-methylcarbamoylmethyi)-o,o-dimethyl
phosphorodithioate (formothion)
'S 2- (ethylthloethyl) -0, o—dlmethyl phosphlorothloate
7 (demeton-S-methyl) : :
30 a-cyano-3-phenoxybenzy1;cis—3—(2.2-dib:omovinyl)~'
2, 2—dimétnylcyclop:opane carboxylate:
(deltamethrin)
cyano(3- phenoxyphenyl)methyl ester of N-(2- chloro-
4-trifluoromethylphenyl)alanine (Mavrike®).

35
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The methods for making such compositions are
well known. Solutions are prepared by simply mixing
the ingredients. Fine solid compositions are made by
blending and, usually. grinding as in a hammer or
5 fluid energy mill. Suspensions are prepared by wet
milling. Granules and pellets can be made by
spraying the active material on preformed granular
carriers or by agglomeration technigues. | Feoel
Disease control is accomplished by applying 7
10 the compounds of this invention to the portion of the
plant to be protected. The compounds can be applied

73

as preventive treatments prior to inoculation with
the pathogen, or after inoculation as a curative
post-infection treatment.

15 ~ Rates of application for compounds of this
invention will be influenced by specific host plants,
£uhga1 pathogens, and many factors of the environment
must be determined under use conditions. Foliage
sprayed with cbncentrations»ranginq from 1 to 500 ppm

20 of active ingredient can be protected from disease
under suitable conditions.

The "¢ Control" in Table 1 was calculated
according to this formula: 7 |

disease rating

100 - on treated plants x 100|{= percent
disease rating control
on untreated plants

25

The benzopentathiepins of this invention

Vhave generic utility as intermediates in the

preparation of substituted 1,2-benzenedithiols which
30 are free of the 1,3-and 1,4-dithiol isomers. Such
substituted 1,2-benzenedithiols are known
intermediates to pharmaceuticals (U.S. 4,242,510;
Sindelar et al., Collect. Czech. Chem. Comm., 47, 72
to 87 (1982), pesticides (U.S. 3,746,707), and rubber

crosslinking agents (U.S. 3,979,369).

R

35
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Reduction of the benzopentathiepins with,
for example, sodium borohydride gives solutions of
disodium benzene dithiolates which can be neutralized
to give the dithiol or alkylated with methyl iodide
to give 1,2-bis(alkylthio)benzene derivatives. It
would be possible to react the dithiolates with
anhydrides; acid halides; esters: isocYanates.
sulfonyl halides; tri- and pentavalent phosphorous
esters, halides and anhydrides to make other useful
materials. . .

4 In the following Examples the inert

atmosphere was NZ’ Kugelrohr distillation refers
to a bulb-to-bulb microdistillation assembly.

"Examples 1 to 7 and 16 illustrate the process of the

invention for preparation of benzopentathiepins.

: Examgies:z to 7 and 16 illustrate novel

benzopentathiepins. Examples 8 to 10 illustrate the
yleld enhancement of the process by employing DABCO.
Examples 11, 12 and 15 xllustrate the novel
benzothiadiazole compounds. Examples 13 and 14

" illustrate the process for conversion of

25

30

35

benzopentathiepins to dithiols. 1In both Examples 13
and 14, the dithiols obtained are isolated as

'bismetnylthioethers to prevent. aerobic oxidation.

These bismethylthiocethers can be converted back to
the benzenedithiols by treatment with, for example,

sodium in liquid ammonla.
' EXAMPLE 1

ﬁenzopentathlepig
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Sulfur (1.88 g, 7.3 mmol),
1.2,3-benzothiadiazole (1.0 g, 7.3 mmol) and
Decalin®, i.e., decahydronaphthalene (10 mL) were
combined and heated to 170°C for 1.45 h. The
§ resulting mixture was taken up in carbon disulfide
and chromatographed on Silica Woelm® TSC (250 gq.
hexane). After a 340 mL forerun, 50 mL fractions
were taken. Fractions 4 to 16 contained 1.61 g of
oily solid. This residue was triturated with hexane
10 (30'mL) while methylene chloride (15 mL) was added
slowly. Sulfur, 0.47 g was left as residue. The
yellow solution was purified in 3x15 mL portions by
medium pressure liquid chromatography (MPLC) (Lobar®
Silica gel 60 size C, ‘hexane) to give 0.60 g (34%) of
158 benzopentathiepin as a light yellow solid, mp 56° to '
s8°C. Arsample recrysta11ized once from hexane had a
‘mp of 58° to 60°C; lHeNMR(CDCl3. 90 MHZ)
$ 7.85-7.7 and 7.45-7.2 (AA'BB' multiplet) in
ag:eement,withfthe literature.r The mass spectrum
20 from a sample prepared similarlyrbut not,pu;ified by
° MPLC had Mass spec.: m/e 235.8914; caled m/e for

C.H,S. 235.8917. ,
' EXAMPLE 2
7-Chlorobenzopentathiepin
25 :
S—S§
Z oY+ sy — ::! S
cr s ¢ s—s
30

A mixture of sulfur (4.5 g, 17.6 mmol),
6-chloro-1,2,3-benzothiadiazole (3.0 g, 17.6 mmol)
and Décalinw (12 mL) was heated to 170°C for 1 h and
nitrogen evolved steadily. The mixture was then

35 heated to 180°C for 1 h. The solution was cooled and

o

[
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the solvent was removed in a stream of nitrogen
overnight. The yellow residue was dissolved in
carbon disulfide and absorbed onto Silica Woelm® TSC
(20 g) and chromatographed on 250 g of the same
5 silica (hexane eluent). After a 300 mL forerun,
sulfur and residual decalin were eluted in 100 mL,
then 4.59 g of sulfur and product'were obtained in
750 mL. A 0.3 g sample was partially dissolved in
hexane (10 mL) with stirring and portionwise addition
10 of methylene chloride (10 mL). After 10 min, 0.07 g
sulfur was decanted. The solution was purified by
medium pressure liquid chromatography (Lobar® Silica
gel 60, size C, hexane eluent) to give 0.07 g of
7-chlorobenzopentathiepin corresponding to a 22.5%
15 yield. A 0.05 g sample-was:recrystallized from
boiling hexane (20 mL concentrated to 5 mL, cooling
and seeding) to give 40 mg of off-white solid, mp
87.5° to 89°C.’ A~s§mp1e fromra similar preparation
had 'H-MMR (CDCl,, 80 MHz) & 7.9-7.7 (4, 2H),
20 7.4-7.2 (m, 1H); IR (KBr) 1095, 822 cm™  ; Mass
" spec.: m/e 269.8517; m/e calcd for C‘6H3CIS5
269.8527. '
Anal. Calcd for CSH3CISS: C, 26.61; H.
- 1.12, S,-59.19. ' ,
25 ~ Found: C, 26.84; H, 1.22; S, 65.7, 56.01,
56.79 - |
The difference between the calculated and found
. values for sulfur was ascribed to a temporary
difficulty with the analysis.
30

35
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EXAMPLE 3 K
7-Trifluoromethylbenzopentathiepin

S—S._
S
_s/

+ sa' —_—
CF3 S

~ A mixture of sulfur (1.34 g, 4.9 mmol),

10 6-trifluoromethyl-1,2,3-benzothiadiazole (1.0 g, 4.9 -
mmol) and Decalin® (10 mL) was heated to 190°C for 45 '
min while nitrogen evolved. The mixture was cooled

’ and stored overnight, then it was preadsorbed and
» chromatographed on Silica Woelm® TSC (400 g, hexane)
18 to give 1.36 g of a sulfur-product mixture. This
- mixture was triturated with hexane (40 mL), decanting
from sulfur. The solution was purified by medium
-pressure liquid chromatography {(Lobar® Silica gel 60,
size C) in 2 portions to give 0.46 g, 31% of
20 7-trifluoromethylbenzopentathiepin as a yellow oil
which solidified on standing. A\sahple prepared by a
similar procedure melted at 44° to 50°C. A sample
~recrystallized from hexane had mp 59° to 60°C;
~ 'H-NMR (CDC1,) & 8.18 (d, J=2Hz, 1H), 8.0 (4.

25 J=8Hz, 1H), 7.55 (44, J=2, 8Hz, 1lH):; IR(KBr) 1320
cm'l; Mass spec.: m/e 303.8788; calcd m/e for
C,H;F,S. 303.8790. | o

Anal. calcd for C H F,S.: C, 27.62; H,
- 0.99; S, 52.66. ,
30 Found: C, 27.92: H, 0.94; S, 51.75
' C, 28.14; H, 1.10; S, 51.98

35
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EXAMPLE 4
7-Dimethylaminobenzopentathiepin

(CH,) ,N N , (CE,) ,N S—S§
5 32 \//\n/ Ny o+ S : 3'2N\F l/ Ng
K/\'s/ . NS \s_.g/

¢ . &

A mixture of sulfur (0.72 g. 2.79 mmol),

10 S-dimethylamino-1,2,3-benzothiadiazole (0.5 g, 2.79
mmol) and Decalin® (5 mL) was heated to 170°C for 1.5
h with steady evolution of nitrogen. The solution
was cooled and the Decalih® was removed by Kugelrohr
distillation at 50°C (0.3 mm). The residue was

1&  preadsorbed (5 g) and ch:omatpgraphed (100 g) on
Silica Woelm® TSC (1% ether-hexane) giVing first
sulfur and then 0.32 g (40%) of 7-dimethylaminobenzo
pentathiepin, mp 115° to 118°C; lI-I’-NMR ,(CDC13.
80 MHz) & 7.55 (d., J=8.5 Hz, 1H), 7.0 (d, J=2.7Hz,

20 1H), 6.5 (dd, J=8.5,2.7Hz, 1H), 3.0 (s, 6H);
IR(KBr)1583 cm'; Mass spec.: m/e 278.9343, calcd
m/e fof C8H9N85 278.9338. An 80 mg sample was
recrystallized from boiling ethanol (50 mL filtered
and concentrated to 20 mL) to give 70 mg of bright

25 yellow crystals, mp 121.5° to 122.5°C. -

Anal. calcd fqr CBHQNSs; C,34.38; H, 3.25;

S, 57.36. ~ , , A

’ Found: C. 34.21; H, 3.42; S, 56.99.

30

35
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EXAMPLE S
7-Methoxybenzopentathiepin

CHBO\ N

CH,O
/ 8 > ] s
B S XN

‘A mixture of sulfur (0.77 g. 3.0l mmol),

10 5-methoxy-1.2,3-benzothiadiazole (0.5 g, 3.01 mmol)
and Decalin® (5 mL) was heated to 170°C for 1.5 h.
The solution was cooled and the Decalin® was removed
by Kugelrohr distillation at 50°C (0.3 mm). The
residue was preadsorbed (5 g) and chromatographed

157 (100 g) on Silica Woelm® TSC (1% ether-hexane) to
give first sulfur and then 0.27 g of '
7-methoxybenzopentathiepin as a light yellow solid,
mp 90° to 95°C. The sample was further purified by
high pressﬁre iiquid chromatography (Zorbax® Sil, 25%

20 methylene chloride-hexane) to give 0.17 g, 21% of the
product, mp 97° to 98°C; IR(KBr) 1577, 1291, 1229,
1037 cm'l: Mass spec.: m/e 265.9011, m/e calcd for
C7H5055 265.9022. A sample prepared by a
similar procedure had 1H—-NMR (CDC13, 80 MHz)

2s & 7.75 (4, J=8.3Hz, 1H), 7.3 (4, J=2.7Hz, 1lH), 6.8
(a4, J=2.7, 8.3Hz, 1H), 3.85 (s, 3H).

30

35
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EXAMPLE 6
6-Bromobenzopentathiepin

Br Br

N —

’d X _S5—5

5 | Ny o+ sg —> “ | Ng
2 XN 5—57

A mixture of sulfur (2.4 g, 9.3 mmol),
10 4—bromo-l.2,3-benzo£hiadizole (2.0 g, 9.3 mmol) and
Decalin® (20 mL) was heated to 175°C for 1.25 h and
" nitrogen was evolved. The mixture was cooled and the'
solvent was removed by Kugelrohr distillation. The
residue was pteadso:bed,and:chromatog:aphed {300 g)
15. on Silica Woelm® TSC (1% ether-hexane) to give first
" ‘sulfur and then 2.2 g of a sulfur-product mixture.
The mixture was purified by high pressure liquid
chromatography‘(Zorbaxw Sil, hexane) to give 0.43 g,
14.6% of 6-bromobenzopentathiepin, retention time =
20 5.12 min, mp 93° to 98°C; IR(KBr) 788 cm™; Mass
spec.: m/e 313.8036, m/e calcd for C6H3Brs5
313.8021.
A compound prepared similarly and
recrystallized from hexane had a mp of 101° to
25 101.5°C; NMR (CDCl,, 360 MHz) & 7.78 (dd, J=1.3,
8.0 Hz, 1H) 7.66 (dd4, J=1.3, 8.0Hz, 1H) 7.12 (t,
J=8.0Hz, 1H). -
- Anal. calecd for c6H3Brss: C=22.86;
H=0.96 ’
30 -Found: C=23.53; H, 1.04
C=23.09; H, 0.94.

35
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EXAMPLE 7 .

S-Trifluoromethzlbenzogentathiegin

CF3 CF3

s—
s ,s\\s

S——S//

A mixture of sulfur (0.65 g, 2.45 mmol),

10 4-trifluoromethyl-l,2,3-benzothiadiazole (0.5 g, 2.45
mmol) and Decalin® (5 mL) was heated to 180°C for 3 h
and nitrogen was slowly evolved. The mixture was
cooled and the solvent was removed by Kugelrohr
distillation. The residue was preadsorbed and

15 chromatographed (100 g) on Silica Woelm® TSC (1%
ether-hexane) giving first sulfur and then 0.55 g of
a sulfur-product mixture. The mizture was purified
by high pressure liquid chomatography (Zorbax® Sil,
hexane) to give 0.15 g, 20% of

20 6-trifluoromethylbenzopentathiepin as a light yellow
solid, mp 55° to 60°C, retention time = 5.26 min,
IR(KBr) 1310, 1137, 1129, 1115 cm '; Mass spec.:
m/e 303.8748, m/e calcd for C,H,F,S.

303.8791. A compound prepared similarly and
25 recrystallized from hexane had a mp of 61° to 62°C.
' Anal. Calcd for C7H3F385: C=27.62;
" H=0.99
Found: C, 27.89; H, 1.06 - -
C. 27.65; H, 1.03.
30

'35
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EXAMPLE 8

/N\ S

’d ‘ \N + 5 _— @/S S\

X J/ 8 q
S—S§

A mixture of sulfur (1.88 g, 7.3 mmol),
1,2,3-benzothiadiazole (1.0 g, 7.3 mmol),

1,4-diazabicyclo[2.2.2]octane (0.82 g, 7.3 mmol) and

Decalin® (10 nL) was heated to 170°C for 1.5 h while
nitrogen was evolved. The mixture was cooled and the
solvent was removed by Kugelrohr distillation. The
residue was,chtomatographed on Silica Woelm® TSC
(200 q. l%'ether—hexane).' The fraction containing
the p:odﬁct was further purified by high pressure
liquid chromatography to give 0.94 g, 54%, of
benzopentathiepin.

EXAMPLE 9

. Br
Y4 GH
A
N + 58 ——
I (s

A mixture of sulfur (1.2 g, 4.65 mmol),
4-bromo-1,2,3- benzothiadiazole (1.0 g, 4.65 mmol),
1 4- dlazacyclo[z 2 2]octane (0.52 g, 4.65 mmol), and
DecallnG (10 mL) was heated at 170°C for 1.25 h. The
mixture was cooled and the solvent was removed by
Kugelrohr distillatidn. The residue was
chromatographed on Silica Woelm® TSC (200 g. 1%
ether-hexane).. The fraction containing a
sulfur product mixture was further purified by high
pressure liquid chromatography (Zorbax® Sil, hexane)
to give 0.33 g, 22.6%, of 6-bromobenzopentathiepin.
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EXAMPLE 10 .
CH.O CH,0
3 /'l Ny Sg —> 3 \«46'_5\\5

[}

A mixture of sulfur (0.77 g, 3.01 mmol), 3.
S-methoxy-1,2,3-benzothiadiazole (0.5 g, 3.0l mmol), o
1,4-diazabicyclo[2.2.2]Joctane (0.34 g, 3.0l mmol) and -
Decalin® (5 mL) was heated to 170°C for 1.25 h. The '
mixture was cooled and the solvent was removed by
Kugelrohr distillation. The residue was

" chromatographed on Silica Woelm® TSC (200 g, 1%

ether-hexane) to give first sulfur and then 0.46 g,
57%, of 7-methoxybenzopentathiepin. '
| 7 EXAMPLE 11
4-Trifluoromethyl-1,2,3-Benzothiadiazole

Br - ?F3
©/N\>N + CFyCONa + Cul —> @(N\N
~~ s ”

First, 4-bromo-1,2,3-benzothiadiazole (5.0
g, 23.2 mmol) was dissolved in N-methylpyrrolidinone
(200 mL) and thén sodium trifluoroacetate (8.5 g,
62.5 mmol) and cuprous iddide (8.75 g, 46 mmol) were
added. The mixture was heated -to 160°C for 4 h
(gentle Co2 evolution), cooled, and diluted
carefully with water (300 mL). The slurry was
filtered through Celite® (diatomaceous earth) and the s

-pad was rinsed with ether (3x250 nL). The filtrate

4

phases were separated and the organic layer was
washed with water and brine; then it was filtered
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through a cone of calcium sﬁlfate and concentrated.
The crude product was chromatographed on Silica
Woelm® TSC (500 g, 15% ether-hexane) to give first a
mixture of 4-bromo and 4-iodo and 4-trifluoromethyl-
5 1,2,3-benzothiadiazoles followed by pure
4-trifluoromethyl-1,2,3-benzothiadiazole. The mixed
fraction was rechromatographed on the same column to
give additional pure product. In this manner, 3.19 G
g, 67%, of 4-trifluoromethyl-l,2,3-benzothiadiazole '
10 was obtained as an off-white solid. A sample
prepared by a similar procedure had mp 41° to 44°C;
L% mm (cDC1;) -58.78 (s). A sample further
purified by subllmatlon at 45°C (35-50 mm—water
asplrator) had mp 49° to 51°C; H—NMR, (CDClg)
15 & 8.35 (4, J=8Hz, 1H), 8.0 (4, J= BHZ. 1H), 7.8 (t,
. J-8Hz, 1H): IR(KBr) 1319, 1152, 1122, 1089 cml.
Anal. calcd for C7H3F3NZS C, 41.18; H,
1.48; N,13.72. ,
Found: C, 41.13; H, 1.37; N, 13.96.
20 EXAMPLE 12
. §-Trifluoromethyl-1,2,3-Benzothiadiazole

E::jﬂ 1) Na,S o, 1) Na,s,0,
CFy\~~Cl 27 ’cL ~ HCl o 3y #CL
cr; ,

25
. ;7T/NH3C1 - NaNO, /N§§N
A HCl g 7
CF, - sE CF, | -
30
First, 2-chloro-4-trifluoromethylnitro-
benzene (20 g, 88.6 mmol) was dissolved in

dimethylsulfoxide (100 mL, dried over molecular
35 sieves) under a nitrogen atmosphere and then
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anhydrous sodium sulfide (6.92 g, 88.6 mmol) was :
added all at once. The mixture warmed to about 40°C
and was stirred for 2 h. The red mixture was poured
into a solution of brine (300 mL) and 6N HCl (100 mL)
5 and extracted with methylene chloride (3x100 mL).
The combined organic phase was filtered through a
cone of sodium sulfate and concentrated to leave
'18.46 g of yellow solig.
Nitrogen was bubbled through deionized water
10 (400 mL) for 15 min, then the above yellow solid and
ammonium hydroxide (90 mL) were added. Sodium
hydrosulfite (90 g) was dissolved in deionized water
(400 mL) and added to the mechanically stirred
reaction over 10 to 15 min via an addition funnel.
15 The resulting solution was warmed to 50°C for 3 h,
then stirred overnight at ambient temperature. The
mixture was acidified to pH 7 with acetic acid and
extracted with ether (3x200 mL). The combined
organic layer was washed with brine and filtered
20 through a cone of calcium sulfate into a flask
equipped with mechanical stirring and a gas inlet.
Hydrogen chloride was bubbled through the stirred
solution for 1.5 h. The solid was'filtered. rinsed
with dry ether and dried in vacuo to give 8.96 g of
25 hydrochloride salt, mp 184° to 188°C; IR (KBr) 1330
em i, »
The above salt was slurried in 5% aqueous
HC1 (100 mL) and chilled to 0°C. A solution of
sodium nitrite (3.22 g) in water (15 mL) was added
30 dropwise over 20 min to the stirred mixture; then it
- was neutralized to pH 9 with 20% aqueous sodium
hydroxide. The reaction was extracted with ether
(3 X100 mL) and the organic phase was washed with
water and brine and then filtered through a cone of
35 sodium sulfate. Concentration left 6.94 g of a brown

(]



LY

WO 84/04921 PCT/US84/00870

10

15

20

25

30

35

: 27

0il which was chromatographed on Silica Woelm® TSC
(250 g, 10% ether-hexane) to give (after a 350 mL
forerun) a trace of impurity in 250 mL and then 2.35
g of 6-trifluoromethyl-1,2,3-benzothiadiazole in 150
mL of eluent. A sample sublimed at 25°C (0.15 mm)
had mp 36° to 40°C; 'H-NMR (CDCl,, 90 MHz)
§ 8.9 (m, 1H), 8.25 (dd, 1H), 7.9 (ddd, 1lH):; IR
(KBr) 1332, 1294, 1192, 1150, (sh) 1129 cm—l. A
sample prepared by a similar procedure had mp 40° to
42°C. '

Anal. calcd for c H
1.48; N, 13.72. .

Found: C, 41.31; H, 1.51; N, 13.56.

3

F3NZS. C, 41.18; H,

40.95% 1.73 13.82.
. EXAMPLE 13 7 7
3,4-Bis(methylthio)-N-N-dimethylaniline
(CH3)2N _S— S\s 1) NaBH4 (CH3)2N\\ scH
——.—.ﬁ.
) : 5—s” 2) CHjl C\'scz:.v

S5

This Example illustrates the making of a
compound useful (as the unprotected dithiol) as a
rubber cross-linking agent. First, 7
7-dimethylaminobenzopentathiepin (0.5 g, 1.79 mmol)
was dissolved in tetrahydrofuran (50 mL) and ethanol
(50 mL) was added. Sodium borohydride (0.34 g, 8.96
mmol) was added to the stirred solution at amblent
temperature over 5 min (after a short induction time
hydrogen gas was evolved and the solution warmed
slightly). When the foaming ceased in about 15 min,
water (10 mL) was added and the mixture was warmed to
50°C for 5 min followed by coocling to ambient
temperature and addition of methyl iodide (0.62 mL,

3

3
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10 mmol). After stirring 30 min more., the solvent
was removed and the residue was partitioned between
water and ether. The phases were separated and the
organic phase was washed with brine and dried through
5 a cone of sodium sulfate. Concentration gave a

(L)

yellow oil which was chromatographed on Silica Woelm®

TSC (50 g. 20% ether-hexane) to give 0.33 g, 86%, of
3,4-bis(methylthio)-N,N-dimethylaniline as a yellow %'jl
0il which crystallized on standing, mp 49° to 51°C;

10 IR (neat) 1583 cm™': 'H-NMR (CDCl,, 80 Milz) -
§ 7.22 (d, J=9.3 Hz, 1H), 6.49 (d, partially |
obscured, J=2.9H2. 1H), 6.4 (dd. partially obscured,

J=2.9, 9.3 Hz, 1H), 2.95 (s, -6H), 2.46 (s, 3H), 2.38

(s, 3H).
15 Anal. caled for ClOHlSNSZ: C, 56.30; H, 7.09.
Found: C. 56.69; H, 6.93.
C, 56.72; H, 6.96.
, EXAMPLE 14
3,4-Bis(methylthio)-chlorobenzene
20 | | |
cl .
/S—S\s 1) NaBH! ck@/sc}%
. _
| S~ 2) CH,I NscH,
25

This Example illustrates the making of a
compound useful as an intermediate (as the unprotected
dithiol) to a tricyclic psychotropic agent. First,

o 7-chlorobenzopentatniepin (0.32 g, 1.18 mmol) was

30 dissolved in tetrahydrofuran (30 mL) and ethanol (30
mL) was added. Sodium borohydride (0.22 g, 5.91
mmol) was added over 5 min in portions at ambient
temperature causing the solution to evolve hydrogen

[

gas and warm slightly. After gas evolution had ceased
35 in about 15 min, water (10 mL) was added and the
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mixture was heated to about 50°C for 5 min and cooled
to ambient temperature. Methyl iodide (0.44 mL, 7.0
mmol) was added and the solution was stirred. The
solvents were removed and the residue was partitioned
between ether and water. The phases were separated
and the organic layer was washed with brine and dried
through a cone of sodium sulfate. Concentration left
an oil which was chromatographed on Silica Woelm® TSC
(50 g, 10% ether-hexane) to give 0.16 g, 67%, of
3,4-bis(methylthio)chlorobenzene as a clear pale
yellow oil: 'H-NMR (CDCl,. 90 MHz) & 7.1 (s,
3H), 2.46 (s, 3H), 2.44 (s, 3H), 1.4 (small
impurity):; IR (neat) 1448, 1430, 1029, 801 en™t;
Mass spec.: m/e 203.9852, m/e calcd for
CgH ClS, 203.9834. o '
, EXAMPLE 15 g
4,5-Bis(dimethylamino)-1,2,3-benzothiadiazole

NH )
] 2 7 N(CH3)2
N
N — N
S '\s/’

A 3 necked round bottom flask fitted with
magnetic stirrer, condenser, static nitrogen
atmosphere and a septum was éharged with sodium
hydride (0.35 g, 50% mineral oil dispersion, 7.2
mmol). The oil was rinsed away with dry hexane (3
times using standard syringe technique) then dry
tetrahydrofuran (20 mL) was added. To the slurry was
added 4,5-diamino-1,2,3-benzothiadiazole (0.2 g, 1.2
mmol) neat over 5 min. Finally, methyl iodide
(0.75 mL, 12 mmol) was added and the mixture was
stirred at ambient temperature for 72 h. The mixture
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was cautiously quenched with water, the solvent was =
stripped off, and methylene chloride was added to the
residue. After extraction of this organic phase with
water and brine, it was filtered through a cone of
sodium sulfate and concentrated onto silica gel.

Gy

Chromatography on silica gel (5% ether-hexane) gave
0.11 g (41%) of 4,5-bis(dimethylamino)-1,2,3-
benzothiadiazole as an orange'oil: NMR (90 MHZ) 5
§ 7.38 (ABq Av, , = 18 Hz, J = 8Hz, 2H), 3.26 |
(s, 6H), 2.8 (s, 6H); IR (meat) 2980-2780 (multiplet, .
m) 1542, 1495 cm™'; exact mass calcd for '
CyoH; 4N, 5: M/e 222.0939, observed M/e 222.0950.

: EXAMPLE 16

6,7-Bis(dimethzlamino)benzopentathiepin

N(CH) , N(CHj) 5
, _ (CH,) N S-8
(CH,) N N 372 N
%N _ S

"A magnetically stirred mixture of
4,5-bis(dimethylamino)-1,2,3-benzothiadiazole (2.0 g,
9.0 mmol), sulfur (2.3 g, 9.0 mmol) and decalin (30
mL) was heated to 175°C under a static nitrogen
atmosphere for 1.5 h. During this time,
nitrogen-evolution was steady. The mixture was
cooled to ambient temperature and the decalin was
removed by kugelrohr distillation. The residue was
chfomatographed on silica gel (1% ether-hexane) to
give 2.04 g (70%) of 6,7-bis(dimethylamino)benzo-
pentathiepin. A 1 g sample was recrystallized from ' 3
100 nL of hexane by chilling to -78°C to give 0.7 g
of bright orange solid: mp 59.5° to 61°C. Anal.

Calcd for C10H14N255: c, 37.24;7H. 4.;8;
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<« Pound: C, 37.45; H, 4.66. A sample pfepared by a
similar procedure had: NMR (80 mHz) & 7.15 (ABgq
A“1—3 = 59 Hz, J = 8.5Hz, 2H), 2.9 (s, 6H), 2.8
(s, 6H).
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CLAIMS:

o

The embodiments of the invention in which an
exclusive property or privilege is claimed are
defined as follows:

1. A benzopentathiepin compound of the

formula &
2 Rl : - ’
R =S, i
7
33 S-S :
H
wherein

Rl. Rz and R3 are the same or

different and are selected from H (provided no more

than two of Rl. R? ana R are H). X, CX,.
NoO,. sr?, or?, NRg. ocr?, cor®, crl. cnag. aryl and

c 0 0 0

substituted aryl: R4 is selected from aryl,
substituted aryl, and substituted and unsubstituted
branched or straight chain cl to C6 alkyl; and

X is selected from Cl, Br and F.

2. A compound according to Claim 1 wherein
and R> are both H and R is selected from X.

sr%, or?, NR;,

3. A compound according to Claim 2 wherein
RZ is selected from N(CH OCH,, CF
cl‘

Rl

30 COOR4, aryl and substituted aryl.

3)2¢ 3+ e a?d

4, A compound according to Claim 1 wherein

R2 and R3 are both H and Rl is selected from X,

W

CX3. SR4. OR4, NRg, COORQ. aryl and substituted aryl.
S. A compound according to Claim 4 wherein )
Rl is selected from CF, and Br.

3
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6. A compound according to Claim 3,
7-trifluoromethylbenzopentathiepin.
7. A compouﬁa according to Claim 3,
7-dimethylaminobenzopentathiepin.
5 . 8. A compound according to Claim 3,
7-methoxybenzopentathiepin.
9. A compound according to Claim 5,
6-trifluoromethylbenzopentathiepin.
10. A compound according to Claim 3,
10 7-ch1orobenzopentathiepiﬁ.
'11. A compound according to Claim 5,
6-bromobenzopentathiepin.
12. A compound,
4-trifluoromethyl-1l,2,3-benzothiadiazole.
15 13. A compound, '
6-trifluoromethyl-1,2,3-benzothiadiazole.
14. A method for making compogndS“of the

formula
1
R
20 7 R2 -S
ﬁ_
R3 S-S5
B

25 wherein

Rl. R2 and R3 are the same or

different and are selected from H, X, Cx3.'N02,

sr?, or?. NR%. ocr?, cor?, cr?. cnng, aryl and
11} " " 1 -

o . O 0] 0
substituted aryl:
r? is selected from aryl, substituted
aryl, and substituted and unsubstituted branched or

straight chain Cl to 06 alkyl:; and

30
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X is selected from Cl, Br and F; comprising-
reacting a benzothiadiazole of the formula

1
R
a2
) X
N 3
/
3 s
H

with S8 at elevated temperature in a solvent inert

10 to S, at a molar ;atio of S, to benzothiadiazole -

8
of about 1:2 to 2:1.

15. A method according to Claim 14 wherein

8

the solvent is selected from one or a mixture of
decahydronaphthalene, nitrobenzene, dichlorobenzene,

15 dimethylformamide, and dimethyl sulfoxide.rand the

'temperature is about 140° to 200°C. |

16. A method according to Claim 15 wherein
the temperature is 160° to 190°C and the ratio of
Sg to benzothiazole is about 1:1.

20 17. A method according to Claim 14
conducted in the presence of
1,4-diazabicyclo[2.2.2]octane.

"~ 18. A method according to Claim 15
conducted in the presence of

25 1,4-diazabicyclo[2.2.2]octane. _

19. A method accordihg to Claim 16
conducted in the presence of
1,4-diazabicyclo[2.2.2]octane.

- 20. A method according to Claim 17 wherein

30 'the ratio of 1,4-diazabicyclof2.2.2]octane to
benzothiadiazole is 0.1:1 to 2:1. ,

' 21. A method according to Claim 18 wherein

BT

the ratio of 1,4-diazabicycle(2.2.2]octane to

“x

benzothiadiazole is 0.1:1 to 2:1.
35
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. 22. A method according to Claim 19 wherein
the ratio of 1,4-diazabicyclo[2.2.2]octane to
benzothiadiazole is 0.1:1 to 2:1.
23. A method for making a
5 1,2-benzenedithiol of the formula

5 gl
R SH )
g3 SH
10 R® g | )
comprising reducing a benzopentathﬁepin of the formula
, B
R S-S
AN
S
15 .
R3 s-s”
. H'
“ wherein
1 2 3 :
_ R™, R® and R~ are the same oI
different and are selected from H, X, CX,. NO,,
20 SR4.
or?, NRg, ocr®, cor®, cr?, CNRg, aryl and
L1} " " 1]
O 0 o} 0]
substituted aryl;
25 R4ris selected from aryl, substituted aryl
and substituted and unsubstituted branched or
straight chain C; to C, alkyl; and '
X is selected from Cl, Br and F.
24. A method according to Claim 23 wherein
10 the reducing agent is selected. from at least one

member of the group sodium borohydride, lithium
aluminum hydride, trialkyl phosphite, and
zinc/agqueous acid, the reaction conducted in the
presence of a solvent at about 0° to 60°C.

35
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25. A method according to Claim 24 wherein®
the reducing agent is sodium borohydride and the
ratio thereof to benzopentathiepin is from about 2:1
to 6:1.
26. A method according to Claim 24 wherein

i

the reducing agent is lithium aluminum hydride and
the ratio thereof to benzopentathiepin is from about
2:1 to 6:1. - <
27. An anti-fungal formulation comprising an
effective amount of a compound according to Claim 1. -
‘ 28. A formulation according to Claim 27 '
wherein the compound is
7-trifluoromethylbenzopentathiepin.
29. A formulation according to Claim 27
wherein the compound is
7-dimethylaminobenzopentathiepin. _
30. A formulation according to Claim 27
wherein the compound is 7-methoxybenzopentathiepin.
31. A fOrmulatibn according to Claim 27
wherein the compound is
6-trifliuoromethylbenzopentathiepin.
32. An anti-viral formulation comprising an
effective amount of a compouné according to Claim 1.
33, A formulation according to Claim 32
wherein the compound is
7-dimethylaminobenzopentathiepin.
' 34. A plant disease control formulation
comprising an effective amount of a compound
according to Claim'1l.
35. A compound accogding to Claim 1 wherein
1 2 4

R and R® are both NRZ and R~ is H.

36. A compound according to Claim 35 wherein

T G

R4 is methyl.

37. A compound, 4,5-bis{dimethylamino)- o
1,2,3-benzothiadiazole.
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